Abstract-Smart spaces are environments such as apartments, offices, museums, hospitals, schools, malls, university campuses, and outdoor areas that are enabled for the cooperation of objects (e.g., sensors, devices, appliances) and systems that have the capability to self-organize themselves, based on given policies. Since they can be used for an efficient management of the energy consumption of buildings, there is a growing interest for them, both in academia and industry. Unfortunately, nowadays, these systems are still designed manually with ad-hoc solutions. As a consequence, a huge effort has to be spent for each new smart building. Within this context, aim of this work is to propose a methodology to automate the design process of such smart spaces. The paper presents an overview of the design flow implemented to support the design of scalable architectures for energy aware smart spaces.
I. INTRODUCTION
Considering the continuous development of the sensor/actuator technologies in the last few years, and the incessant growth of their applications in almost all the aspects of our everyday life, the so called "smart spaces" are something feasible and actually available. Smart spaces are environments such as apartments, offices, museums, hospitals, schools, malls, university campuses, and outdoor areas that are enabled for the cooperation of objects (e.g., sensors, devices, appliances) and systems that have the capability to selforganize themselves, based on given policies [14] . The interesting point is that this technology can be also used in order to enable the automatic management of buildings and spaces power consumption, thus drastically increasing their energy efficiency. Most of the components to realize such smart spaces are already available in the market, but unfortunately it is still necessary to perform a manual design (e.g., defining the number and the location of each component and the communication protocols among them) in order to make them working properly in real-world scenarios. This implies that a huge effort is required every time a new smart space (e.g., a smart building for an exhibition) has to be built. In this context, it would be fascinating to explore the possibility of defining a methodology and a set of design tools to automate the creation of smart spaces, thus making their design much easier, faster and cheaper. In particular, we aim at developing a methodology that, starting from the high-level representation of the target environment and of the desired functionalities of the target smart space, would make it possible to automatically derive the software and the specification of both the hardware and the communication infrastructure that are best suited to implement the smart space itself.
II. SMART BUILDINGS
Smart building are the next generation of living and working environments. Their peculiarity is the use of ICT to coordinate the different aspects of the building to increase the user comfort, the energy efficiency and the user safety.
A. User comfort
The use of ICT in smart buildings can deeply improve the occupants' comfort automatically controlling the environment temperature, humidity, brightness, and fitting all these parameters on the single user needs. Just to make some examples, a smart building must be able to turn on and off automatically the lights when a room is used or empty; it has to dynamically adjust the room temperature with respect to the weather condition and the current user living the space. In a smart buildings, the appliances has to be ready to be used when the user need them, without requiring the user to think about their power status.
B. Energy Efficiency
Alongside with the user comfort, a smart building has to carefully manage how it uses energy to accomplish all the tasks. For instance, knowing the user needs, it is possible to tune the Heating, Ventilation and Air Conditioning (HVAC) system in order to heat only for the needed time, without wasting energy resources. Moreover, a smart building is generally thought to be part of a smart grid, the next generation electric grid: within this context, the building has to be able to sense and forecast its energy needs and to reply to energy saving commands coming from the smart grid.
C. User Safety
Another important aspect is the user safety: thanks to its smartness, a building has to help the occupants during different emergencies like fires or earthquakes: it is possible to imagine advanced alarm systems and modern firefighting equipment able to understand the context and to help the aids to be more effective.
III. SMART BUILDINGS DESIGN COMPLEXITY
In order to achieve all the goals presented in the previous section, a smart building has to rely on a complex and interconnected hardware infrastructure composed of sensors and actuators. In fact, to realize these smart spaces, dozens of distributed computation, perception and actuation modules are usually adopted [15] . Sensors gather a huge quantity of information that must be elaborated from the computation nodes and then efficiently transmitted to the actuators. Moreover, in order to make these spaces easy to use to common users the so-called eco-feedback technology are in great need ( [16] [17]): in fact, they aim both at designing efficient and intuitive mechanisms to display energy consumption and at studying the related consumers' awareness. The proposed representation of generic smart space architecture is shown in Figure 1 . The system is composed of different sensors and actuators coordinated by a central system, the Energy Box, which is also responsible for the interfaces needed for visualization purposes. The Energy Box can be intended as an embedded device responsible for gathering data from the different sensors in the smart space and for the actuation through the available actuators. Since potentially, many of these devices must be installed in a building, they must be low power and, consequently, they do not have a huge computational capability. As a consequence, the transfer function that has as input the data coming from the sensor and as output the actions performed by the actuators can be computed directly in situ by the energy box only for simple rules. Whenever complex computations are required for the computation of the transfer function, it can be retrieved from a remote server. Another possible idea is to split the computation among all the energy boxes available in the building, i.e. by means of distributed computation. As shown in Figure 2 , an energy box, working as a Local Building Management System (LBMS), stores locallywith a cache mechanism -only the data it needs for the computation of the policies. Then, if necessary, data is sent to a remote server (the stat-server) and stored for statistics and data mining. The energy box has also a standard communication interface that allows the users to access the gathered information by mobile devices (tablet, smartphones), by installed panels or by a common web browser. The graphical user interface, if existing, is managed by an interface server that reads the data from the energy boxes or from the statserver. These aspects are represented in Figure 3 . Currently, many different vendors provide such components, and often communication protocols are not standard; moreover, the components themselves present different features even if they are designed to pursue the same goals (two temperature sensors by two different vendors can have a different granularity, a different measure error an so on). This high variability in the technological substrate, lead to a very hard system integration that has currently to be performed in a custom way with respect to the single considered building. In order to manage such a complexity, methods are in great need to face the different situations the building has to face. Moreover, these methods are the baseline for the creation of design tools that can support the design of such smart buildings in a standard way.
IV. A DEVELOPMENT SUITE
In order to simplify the design of such smart buildings, we are working on the definition of an automated design suite that is able to create the actual and working implementation of the architecture described above. The tool receives as input a description of the sensors and of the actuators and also a description of the signals that need to be considered; from the provided inputs, it automatically generates the software and communication infrastructure for the management of the energy aware smart space. Figure 4 shows a very high level view of the proposed design flow. The input is the specification of the signals to be monitored or used for the actuation, sensors description, actuators description and the definition of the data to be visualized. Taking as input these data, the design flow automatically generates:
• The communication infrastructure among all the nodes of the system (driver and protocols);
• The data storage server, setting up also the database and the needed interfaces to read and write;
• All the visualization software (for panels, mobile devices, web browsers);
• the mechanisms needed for the actuation of the policies.
Moreover, the tool has to generate the code to perform a custom data mining to automatically generate energy saving policies based on the users behaviors. The data mining can be performed on two different possible sources:
• On the data stored into the database, the statserver, i.e. the data coming from sensors and actuators;
• On the old policies defined by the users.
The main difference between the two approaches is that, the first one does not need a pre-defined set of policies chosen by the users since it reads directly from the raw environmental data, while the second one needs it.
V. POLICY MANAGMENT
The design and the management of "smart spaces" is not a trivial task, especially because of their intrinsic complexity. For instance, modern commercial buildings often employ a centralized Heating, Ventilation, and Air Conditioning (HVAC) system in addition to lighting, fire safety, elevators and security systems. In spite of this complexity, a correct and efficient energy management is of paramount importance, especially when considering that buildings contribute to the 70% of the total energy consumption of an electrical grid [1] and up to 45% of this energy consumption is due to heating, cooling, and lighting [2] . For this reason, it is common for modern buildings to employ a centralized Building Management System, which tries to improve the management of the different subsystems in order to optimize the overall energy consumption of the building. A generic BMS can be thought as the composition and the coordination of different distributed element, the aforementioned Energy Boxes. However, the BMS solutions already available in the market [3] [4] [5] currently aim only at supporting the building managers for what concerns their daily supervision tasks, while delegating specialized personnel for the maintenance and for specialized tasks related to each subsystem.
On the contrary, it has been recently shown in [6] that this user-oriented customization can also help in improving the energy efficiency of the building itself. For this reason, the idea of providing the users with a tool to express their needs, requirements and preferences has been discussed in several recent research works that deal with the improvement of buildings energy efficiency (e.g., [7] [8] [9] [10][11] [12] ). However, energy efficiency is not the only factor in which users can be interested in: for instance, it could be possible to attract their attention (and thus their collaboration) by providing them with better services or by increasing their living and working comfort.
In this context, we aim at dealing with the two complementary issues that still have to be solved in order to enable a widespread adoption of smart spaces in our everyday life: on the one hand, the design of their hardware infrastructure (including tasks such as a deep trade-off exploration and the validation/simulation of the different 
VI. BUILDING SIMULATION
In order to test the policies and to forecast the behavior of the environment, a simulation framework is needed into the design suite. Within this context, the EA-SIM [13] [13] simulator can be used. EA-SIM is a novel, open-source and ongoing framework for the design and the simulation of energy aware smart spaces that is based on SystemC TLM-2.0 as representation abstraction. This allows both a functional validation of the generated systems, but also an analysis of the non-functional properties, such as performance and power consumption at different levels of abstraction. Moreover, it can be also integrated with the simulation of the physical environment (e.g., thermal trends, power consumption) to validate the decisions taken by the control units with respect to the information gathered by the sensors. In particular, EA-SIM offers an extensible component library that allows modeling of the different elements of a smart space: the control units, the computational nodes, the appliances, along with their sensors and actuators. Moreover, it is also possible to associate local batteries with each appliance and control their usage to reduce peaks in the electrical absorption. To the best of our knowledge, this is the first framework that allows a systemlevel simulation of such kind of environments.
VII. CONCLUDING REMARKS
In this paper we discussed the need for a methodology for the design of energy aware smart spaces. Design methodologies are in fact in great need to cope with the complexity of such systems, that derives from the huge number of sensors, actuators and control elements that have to work in a synergic way in order to realize future smart spaces able to increase the user wellbeing, safety and energy efficiency. We proposed a design flow that we are currently developing, able to get as input a high level description of a building and to generate the implementation of the smart building ICT infrastructure. This design flow includes policy management mechanisms and a simulation framework to make possible the exploration phase required to evaluate different technical solutions.
